Introduction
Gynecological health is recognized as being responsive to traditional East Asian medicine. Traditional Chinese medicine (TCM) includes the modalities of acupuncture and Chinese herbal medicine, which are increasingly utilized outside of Asia for the treatment of women's health disorders.
This review focuses primarily on the use of acupuncture for female reproductive health. It addresses the current understandings of the physiology of acupuncture's impact on female reproductive function and contemporary research on acupuncture for reproductive health disorders.
Historical origins of Chinese medical understandings of women's reproductive health
Historical texts in Chinese medicine originally conceived of the male and female body as androgynous, 1 gradually differentiating between treatments for women. As identified by the Song dynasty (960-1279 AD), a gynecological specialty had developed in both text and practice. 1 Because of the foundation concepts of yin/yang, reproduction, for example, was not considered an exclusively female province. "The creation of the fetus was seen as an act performed by two equal partners, with yin and yang intermingling and stimulating each other." 2 
Wilms
2 goes on to quote Sun Si-Miao, 3 who stated that "yin and yang blend in harmony, the two qi respond to each other, and yang bestows and yin transforms." As well as recognizing reproduction as a joint effort, it was also Sun 3 who famously said that the disorders of women are ten times more difficult to cure than those of males. Male causes of infertility were largely diagnosed as a result of insufficient qi.
For Chinese medicine, the female body, its health, sickness and treatment was deeply influenced by the idea that blood, as its energetic basis, flows around the body, is discharged through menstruation, feeds the unborn child and transforms into breast milk. 4 Interventions to assist health and, therefore, to foster a healthy reproductive life, must nourish and regulate blood, and dispel any pathogens that interfere with or congest its free circulation. From the Song dynasty onwards, it was noted that, "blood is the root of women is the aphorism that guides gynaecological treatment." 2 This idea of the primacy of blood in women's health has not faded, and it is still part of contemporary TCM gynecology, although with a more nuanced and differentiated understanding. By late imperial China, "Doctors recognized three broad categories of illness that directly impaired a woman's ability to conceive: menstrual irregularity, 'girdle discharges' (dai xia, namely, pathological vaginal flows), and internal accumulations". 6 Weakening of the key foundations of reproductive health in Chinese medical theory -the kidney, blood, and uteruscan be attributed in biomedicine to inherited genetic defects; it can also be accounted for by overwork; too little rest or injury from too much menstrual bleeding; emotional disorders such as anxiety, worry, or depression; improper diet such as an excess of food or alcohol; or too much chilled food. Contemporary TCM practitioners, such as Song, 7 also argue that medicines and other medical interventions can seriously damage a woman's reproductive capacity, such as the long-term use of the contraceptive pill or other hormonal contraceptives, and they can damage the lining of the uterus through (perhaps unnecessary) treatments like dilation and curettage.
The menses cycle at the center of reproduction
Female health and fertility is intimately related to menstrual health. From a Chinese medical perspective, cyclical disorders ("yuejingbing") are both indicative of and causal in subfertility. "The TCM approach to infertility treatment integrates the menstrual cycle as a simple, non-invasive, sensitive, motivational, diagnostic tool to understanding a woman's fertility status." 8 Unlike assisted reproductive technologies (ART), which seek to override menstrual cycle difficulties by artificially controlling a woman's cycle through pharmaceutical and surgical interventions, TCM considers delayed ovulation, excessive or scanty menstrual flow, dysmenorrhea, premenstrual symptoms, and short or long menstrual cycles as diagnostic signs, and a means through which interventions can enhance reproductive health. The idea of varying or staging treatment according to developments in the menstrual cycle has a long history in Chinese medicine and has contemporary expression in the work of Nanjing (Jiangsu, People's Republic of China) gynecologist, Xia, 9 who advocated the use of basal body temperature in identifying the wax and wane of yin, yang, qi, and blood throughout the cycle.
Historically, acupuncture has received less attention as an intervention in women's health, and the acupuncture department of a TCM hospital usually offers generalized services, and it does not usually specialize in gynecology. Interest in the usefulness of acupuncture in reproductive medicine has come from a range of sources, including from experimental studies on the mechanisms of acupuncture, reports from clinical trials, and the experience of women who incorporate nonconventional practices into their health care.
1. Acupuncture mechanism of action, employing the keywords "acupuncture", "mechanism", "mechanisms of action", and "physiology"; and 2. The use of acupuncture in relation to women's reproductive health, including the keywords "acupuncture", "reproduct*", "*fertil*", "ovula*", and "menstru*." The searches included all accessible articles that were published until June 2013 with these keyword combinations. 
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Many of the acupuncture mechanism articles 10-14 yielded reports where (in animal and human experimental models) clear physiological effects, and (in animal models) therapeutically relevant outcomes (such as anesthesia) vary as a function of the acupuncture prescription or technique used. While it is acknowledged that the correlation between animal and human physiology has been questioned, 15 and that the complexity of human reproduction may not be replicated in animal models, the studies indicate that there are mechanical, neural, hormonal, and immune responses to acupuncture, and the new application of functional magnetic resonance imaging provides compelling evidence regarding how the brain responds to acupuncture needling. These general data have been excluded here, and the focus will be exclusively on the mechanisms of acupuncture research in gynecology.
The clinical research articles are diverse in terms of their research focus and methodology. Historically, most acupuncture research has focused on acupuncture's possibilities for pain management, and within the last decade, attention has been paid to its effects on reproductive health. Only 30% of the articles retrieved were clinical trial reports, and 18% were reviews attempting to summarize the research. Several reviews were narrative commentaries rather than systematic reviews (SRs). The value of acupuncture in assisting ART/ in vitro fertilization (IVF) has become the most dominant research question.
Acupuncture mechanisms of action in female reproduction
In an overview of the use of acupuncture in gynecology, Napadow et al 16 stated that in her view, recent basic and clinical research has demonstrated that acupuncture regulates uterine and ovarian blood flow (OBF), and that the effect is most likely mediated as a reflex response via the ovarian sympathetic nerves, and that the response is controlled via the supraspinal pathways. Since this encourages a thicker uterine wall, fertility is improved through embryo implantation being more successful. In a Stener-Victorin et al study 17 (number [n] =10 healthy women), compared to the mean baseline pulsatility index, the mean pulsatility index was significantly reduced both shortly after the eighth electroacupuncture (EA) treatment (P,0.0001), and 10-14 days after the EA period (P,0.0001). EA applied to the abdomen and hind limb of laboratory animals modulates the OBF response:
[…] as a reflex response via the ovarian sympathetic nerves, and the response was controlled via supraspinal pathways.
Furthermore, the OBF response to segmental abdominal EA stimulation was frequency dependent and amplified in the estrous phase. 18 In another animal study of induced polycystic ovarian syndrome (PCOS), ovarian function normalized in response to both exercise and EA (P,0.05 compared to control). 19 A further study by Stener-Victorin research group found that low-frequency EA and exercise ameliorate insulin resistance in rats with PCOS. They hypothesized that the effect may involve regulation of adipose tissue metabolism and production because EA and exercise each partially restore divergent adipose tissue gene expression associated with insulin resistance, obesity, and inflammation. In contrast to exercise, they found that EA improves insulin sensitivity and modulates adipose tissue gene expression without influencing adipose tissue mass and cellularity. 16, 20, 21 A more recent animal study of endometrial damage (thin and impaired) induced by clomiphene citrate (which is estimated to cause the majority of implantation failures) found that it was not the endometrial thickness (P=0.07), but the glandular area (P=0.01) of the endometrium that was significantly increased in the acupuncture group compared with the control group. The authors suggest that acupuncture may have the capacity to mainly stimulate the growth of the gland rather than the stoma, which cannot be observed by ultrasound in a clinical setting. 22 This study found that acupuncture significantly suppressed the high serum estradiol levels induced by clomiphene citrate to better prepare for implantation, and it also increased the glandular area and the expression of receptivity markers during the implantation period. The acupuncture protocol and technique used were consistent with standard TCM care. These conclusions were not supported by evidence from Smith et al, 23 and the inconsistency perhaps can be explained by Fu et al, 22 who identified an alternative mechanism by assessing endometrial thickness through dissection rather than ultrasound.
Further, acupuncture causes a significant increase in β-endorphin levels during treatment. A review of Japanese research supports the evidence that the analgesic effects of acupuncture have been well clarified by experimental studies, and that the participation of various endogenous opioids and their receptors has been widely accepted; 24 however, they report that this seems to be an incomplete explanation of why, for example, acupuncture treats pain. It has been hypothesized that, because acupuncture impacts β-endorphin levels and thus hypothalamic function, 25 which affect gonadotropin-releasing hormone secretion and the menstrual cycle, in turn, it is logical to hypothesize that 
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Acupuncture and women's health acupuncture may positively influence ovulation and fertility. 26 Zhu et al 27 report that, as acupuncture increases endogenous opioids and the neurotransmitters serotonin and dopamine, this would lead to analgesia, sedation, and to the recovery of motor function, thus impacting on, for example, menstrual pain. The review also reported that acupuncture may induce visceral and somatic signals that are transmitted to the central nervous system to induce anti-inflammatory signals through both humoral and neural mechanisms. 27 Research detailed by Al-Inany 28 has postulated three potential mechanisms for acupuncture's effects on fertility. Firstly, acupuncture may mediate the release of neurotransmitters, which may, in turn, stimulate secretion of gonadotropin releasing hormone, thereby influencing the menstrual cycle, ovulation, and fertility. 29 Secondly, acupuncture may stimulate blood flow to the uterus by inhibiting uterine central sympathetic nerve activity. 17 Thirdly, acupuncture may stimulate the production of endogenous opioids, which may inhibit the central nervous system's outflow and the biological stress response. 30 Animal studies indicate that intensive EA can facilitate substantial change in PCOS; that is, systemic and local effects involving intracellular signaling pathways in muscle that may account for the improved insulin sensitivity.
12 Repeated low-frequency EA and physical exercise each improves hyperandrogenism and menstrual frequency in women with PCOS more effectively than no active intervention, with low-frequency EA being superior to physical exercise. These findings suggest that low-frequency EA may be used in the reduction of hyperandrogenism and oligo-/amenorrhea in women with PCOS.
11
Stress is known to have a negative effect on reproduction and perhaps the menstrual cycle. As acupuncture, for example, aids in lowering stress hormones, which undermine fertility, it is thought that this may be a major mechanism for acupuncture to influence reproductive function and account for fertility-boosting effects. One study examining the levels of "stress hormones" -serum cortisol (CORT) and serum prolactin (PRL) -during an IVF cycle demonstrated biochemical differences in serum levels of CORT and PRL in patients receiving acupuncture along with their IVF treatments. 31 CORT levels in the acupuncture group were significantly higher (P,0.05) on IVF medication days 7, 8, 9, 11, 12, and 13 when compared with controls. PRL levels in the acupuncture group were significantly higher (P,0.05) on IVF medication days 5, 6, 7, and 8 when compared with controls. This connection is demonstrated in further clinical studies (detailed in the following sections) of how stress reduction using acupuncture impacts reproductive health.
Acupuncture for female reproductive disorders
An overview of SRs of acupuncture in obstetrics and gynecology 32 concluded that the data available in SRs was contradictory and inconclusive. An SR that undertook an overview of studies of acupuncture treatments for reproductive and gynecological disorders found that menopause and dysmenorrhea were the most frequently studied, and acupuncture treatments had shown positive indicators of effectiveness. Smith and Carmady 33 found that acupuncture to treat premenstrual syndrome (PMS), PCOS, and other menstrual-related symptoms is understudied, and the evidence for acupuncture to treat these conditions is frequently based on single studies. This SR included all studies conducted prior to September 2009. The literature search undertaken here found 75 additional articles published since that time (including only those that focused on reproductive conditions; that is, excluding menopause). Not all would have met the inclusion criteria for the review, but all would have fallen within the search strategy.
Accumulated clinical experience indicates that acupuncture regulates the menstrual cycle. TCM gynecological textbooks all provide treatment approaches for a range of menstrual irregularities -whether the cycle is too short, too long, or too variable, the bleeding is too scant or too heavy, and menses are accompanied by a range of other symptoms such as abdominal pain, headache, acne, or mood changes. [34] [35] [36] [37] Those diagnosed with "idiopathic infertility or sterility," or those with no known cause, often have a "hidden disturbance of gamete interaction," 38 where the ova are not maturing or not fertilizable, or there is disturbed sperm function and women often have accompanying PMS and dysmenorrhea. Kielwin et al 38 argue that such couples profit the most from the possibilities of TCM, for example, in the areas of cycle optimization and timed intercourse. In a series of articles published in Nanjing in 1998-1999, Professor Xia Gui-cheng 9 identified the importance of menstrual regulation both in the resolution of menstrual disorders and the promotion of fertility. His approach was subsequently adopted by Lyttleton, 39 and broadcasted through her teaching and publications throughout the English-speaking TCM community. There are no published clinical trials that test the premise of regulating the menstrual cycle in order to promote fertility. There is a tradition within Western herbalism called multiphasic prescribing for menstruating women that mirrors this approach. 40 There are studies, however, that do examine the influence of acupuncture on different aspects of the 
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Cochrane et al menstrual experience (discussed in detail in the following sections). Chinese medical theory would posit that an improvement in a single aspect of menstruation, such as dysmenorrhoea, will positively influence other aspects (and the whole menstrual function). Promoting the full discharge of blood, for example, during the menses will positively feedback into egg formation and ovulation. Evidence to support this assertion is not available at this time.
Stener-Victorin and Wu, 41 in an overview of contemporary literature, found (as Smith and Carmady 33 did) that the use of acupuncture to treat reproductive dysfunction has not been well investigated. They state that only a few clinical studies have been reported, most of which are flawed by poor design and a lack of valid outcome measures and diagnostic criteria, making the results difficult to interpret. 41 The incidence of "poor quality" clinical studies perhaps speaks to the difficulty of achieving high-quality clinical research that is acceptable both to acupuncturists and research scientists. The following is a narrative review of clinical evidence for the effectiveness of reproductive/ fertility related acupuncture interventions. This narrative review aimed to provide a broader perspective to the current evidence base by including animal and human studies, inclusive of all study designs, to provide a contemporary overview of the evidence.
Menstrual regulation
Menstrual irregularities may originate from a variety of conditions. Frequently in clinic, women have menstrual irregularities that stem from a diagnosis of PCOS. A recent literature review 42 of reports of acupuncture use for PCOS found four studies that addressed this subject, although no randomized controlled trials (RCTs) were found. One study led by Stener-Victorin et al 43 found that the "dose" of acupuncture influenced the size of the effect. The researcher concluded:
Experimental observations in rat models of steroid-induced polycystic ovaries and clinical data from studies in women with PCOS suggest that acupuncture exert (sic) long-lasting beneficial effects on metabolic and endocrine systems and ovulation. 43 Indications are that repeated acupuncture can stimulate the return of ovulation without adverse side effects. An RCT since completed by Lim (personal communication, 2010) indicates that acupuncture, as compared to sham acupuncture (sham acupuncture refers to a control group which may include invasive needling or no invasive needling), is efficacious for initiating ovulation in women with PCOS. Acupuncture and moxibustion have good regulatory effects on the function of endocrine, glucose, and lipid metabolism, 44 so they can be hypothesized to be useful in regulating the menstrual cycle. Although unable to discern a difference between the true and sham acupuncture protocols for women with PCOS, both groups had a similar improvement in their luteinizing hormone/follicle-stimulating hormone ratio; 45 the findings support acupuncture as a possible nonpharmaceutical treatment for PCOS.
An exploration of the physiological effects on PCOS of major complementary and alternative medicine (CAM) treatments indicates that they could reduce the severity of PCOS and its complications. Acupuncture has been shown to reduce hyperandrogenism and improve menstrual frequency in PCOS. 46, 47 An analysis of clinical trials 48 of the effect of acupunctureinduced weight reduction on menstrual activity identified acupuncture treatment achieving the effects of weight reduction and menstrual improvements via regulating activities of leptin, the thyroid gland system, and the hypothalamus-pituitaryadrenal cortex axis. The authors report that clinical practice has demonstrated that acupuncture stimulation of some commonly-used acupoints for weight reduction also exhibits favorable regulation on menstrual activity in obese women.
Shi et al 49 undertook a clinical trial of patients with one defined type of PCOS, comparing a herbal intervention with the same herbal intervention plus acupuncture. The results demonstrated a total effectiveness rate of 93.8% on hormonal and menstrual measures in the combined acupuncture and Chinese herb group, and 80.6% in the simple Chinese herb group, the former being significantly better than the latter (P,0.05). The decrease of testosterone in the combined acupuncture and Chinese herb group was significantly superior to that in the simple Chinese herb group (P,0.01).
In a study contrasting real and sham acupuncture for the symptoms of PCOS, Pastore et al 46 found improvements in the luteinizing hormone to follicle-stimulating hormone ratio in both arms, and the increase in menstrual frequency during the trial compared with pre-enrollment suggests that both interventions may have been beneficial. As well as confirming the likelihood of sham acupuncture not being inert, the lack of an observational control and/or of preenrollment ovulation data meant that the improvement could not be accurately assessed.
Anovulatory disorders most frequently display with menstrual irregularity. Assisting ovulation can be a way of reestablishing a regular cycle. The use of acupuncture for amenorrhea is supported by case reports and small cohort studies, but there has been insufficient clinical research on this topic to date. 50 
Ovulation
Acupuncture has been shown to assist ovulation through the early work of Yu Jin who found that 50% of the incidence of chronic anovulation (diagnosed by menstrual disorder history, consecutive monophasic basal body temperature for 3 months, serum hormone, and pelvic ultrasonography data) could be reversed successfully by using acupuncture. She further found: 51 Yu 52 further comments that acupuncture is especially effective when infertility is caused by a hypothalamic disorder. If patients are screened to include those most likely to respond (for example, those with adequate estrogen levels), the success rate can be as high as 80% in achieving ovulation. Ovulation delay or failure is a common occurrence in women with PCOS and can be an aspect of other subfertility conditions. 53 Some investigations have already demonstrated that acupuncture has positive effects on anovulation. Studies include the clinical application of ovulation induction 54, 55 and the use of EA for women with PCOS over several months to initiate menstrual cycles. 56, 57 Women in this latter study were carefully monitored for hormonal changes, skin temperature, basal temperature, body mass index, and waist-to-hip ratio, allowing the researchers to hypothesize the mechanisms of action of the acupuncture. The participants who responded best were almost consistently characterized by comparatively low body mass index, waist-to-hip ratio, as well as basal insulin and testosterone serum concentrations, but high serum testosterone/ sex hormone-binding globulin concentrations. Consequently, they were less androgenic and had a less pronounced metabolic disturbance. The authors theorized that a higher dose of acupuncture for either a longer time or more frequently may have produced better results in the non-responders.
Menstrual pain
Dysmenorrhea is an important indicator of disturbed menstrual flow. Two recent SRs examine the evidence for acupuncture in alleviating menstrual pain. 27, 58 One review by Zhu et al of menstrual pain originating from endometriosis could only find one RCT that met the inclusion criteria, and the authors could make no real assessment of the value of acupuncture based on this one study. The other SR conducted by Smith et al 59 addressed studies of dysmenorrhea more generally, and included ten trials. Although the authors concluded that the data were insufficient to confidently evaluate acupuncture as a treatment for dysmenorrhea, because of methodological problems in the trials, most reported positive outcomes for acupuncture. Some of the research not covered in the SRs will be discussed.
One experimental blinded crossover study 60 explored the impact of "real" and "sham" acupuncture on heart rate variability as an indicator of the autonomic nervous system in women with primary dysmenorrhea. The researchers found that both real and sham acupuncture affected heart rate variability but in different ways. The researchers concluded that manual acupuncture at bilateral acupoints of LI4 and SP6 may play a role in dysmenorrhea treatment with autonomic nervous system involvement. 60 One clinical trial of two different acupuncture interventions for dysmenorrhea during menses for three cycles showed significant decreases in the severity and frequency of pain. The study also indicated no significant difference in outcomes between the two interventions, supporting the idea that there may be more than one successful prescription. 61 An RCT that explored the timing and point combinations for dysmenorrhea found that treating patients using multiple points before menstruation is better than immediately addressing pain for the improvement in symptoms of dysmenorrhea. In addition, it was also found that a single point is better than multiple points when immediately treating at pain occurrence. This trial suggests that Shiqizhui (EX-B8) should be chosen as a convenient point. 62 Another pair of studies suggests that needling at Sanyinjiao SP6 can immediately improve the uterine arterial blood flow of patients with primary dysmenorrhea, thereby relieving the pain. 63, 64 Further study of the timing of acupuncture for dysmenorrhea 65 found no significant difference between applying it premenstrually or during menses, but there was a significant positive difference when compared to the control group, who received no acupuncture at all. In another study 66 the importance of timing was further refined to distinguish between those receiving "preconditioning" acupuncture, and those receiving immediate acupuncture, and both groups were compared with a non-treated third arm. Into the second and third month, the outcomes for the preconditioning acupuncture group outstripped those of the immediate acupuncture 
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group, and they both showed significant improvements when compared to the control. Despite encouraging indications, another SR concluded that because of low methodologic quality and small sample size, there is no convincing evidence for acupuncture in the treatment of primary dysmenorrhea. 67 A later review 58 found more methodologically sound trials and concluded that there is promising evidence in the form of RCTs for the use of acupuncture in the treatment of primary dysmenorrhoea compared with pharmacological treatment or herbal medicine:
The evidence for the effectiveness of acupuncture for the treatment of primary dysmenorrhoea is not convincing compared with sham acupuncture. 68 A third review conducted the following year found that acupuncture may reduce period pain; however, there is a need for further well-designed randomized controlled trials. 58 
Premenstrual syndrome
PMS arises because of imbalances that are triggered in the lead up to a period. A SR of acupuncture interventions found that although the included trials showed that acupuncture may be beneficial to patients with PMS, there is insufficient evidence to support this conclusion due to methodological flaws in the studies. 69 In one SR 70 71 concurred that the available data included in this review showed that acupuncture may be beneficial for patients with PMS, but it also noted the methodological flaws in many of the studies. Guo and Ma 71 also commented on the importance of timing of the treatment for periodic disorders such as PMS. The authors found that an acupuncture intervention for PMS was usually performed 2 weeks prior to menses and stopped shortly after the start of the menstrual flow. The treatment should last 3 months to achieve satisfactory results. 71 
Infertility
Acupuncture has been a treatment for infertility and menstrual disorders throughout the history of Chinese medicine. 72 Differing approaches are evident in the literature, 73 and achieving a common consistent TCM diagnosis and treatment is difficult. 74 
Acupuncture and ART
A major research effort in the last decade has indicated that acupuncture assists IVF. The literature search identified 15 reports that identified themselves as a review of studies of acupuncture interventions as adjuncts to IVF/ART. A recent SR 75 includes ten more studies not included in earlier SRs, and concludes that acupuncture improves the clinical pregnancy rate and live birth rate among women undergoing IVF based on the results of the studies that do not include the Streitberger control (the Streitberger is a type of sham needle), and that the Streitberger control may not be an inactive control. 75 The meta-analysis results showed that the pooled clinical pregnancy rate from all of the acupuncture groups was significantly higher than that from all of the control groups (P=0.04). The difference was more obvious when the studies that used the Streitberger control were not considered (P=0.007), suggesting that the Streitberger control needs reevaluation. The reviewers further recommend that more positive effects from acupuncture in IVF can be expected if an appropriate control and more individualized acupuncture programs are used. Another review has since challenged this finding, and concluded that there is no pooled benefit of adjuvant acupuncture for IVF. 76 Six SRs (including five meta-analyses) have shown that acupuncture on the day of embryo transfer (ET) has improved pregnancy rates in IVF. 77 None of the reviews call for a rejection of this intervention and all, in fact, call for more exploration of its value to enhance IVF cycles. Although the intervention is assessed as being relatively painless and causing few side effects, another review 78 implies that the cost, invasiveness, and potential for the harm of acupuncture means that it should not be recommended for women receiving IVF treatment. Given that the studies reported very few adverse events and that the cost of acupuncture compared to additional IVF cycles is substantially less, it can only be surmised that these SR authors were in some way biased against the intervention to make such a conclusion. Manheimer et al, 79 for example, conclude that the effects are significant and clinically relevant but they are "still somewhat preliminary." Another meta-analysis shows that acupuncture around the time of the ET achieves a higher live birth rate of 35% compared to 22% without active acupuncture. 80 More recent clinical trials since the Cheong SR have thrown this conclusion into doubt. The published studies include those by Domar et al, 81 Moy et al, 82 So et al, 83 and Andersen et al 84 and, if the results of these 1,311 patients were added to those of the meta-analysis, it is unlikely that there is conclusive evidence of a major effect of acupuncture accompanying ET. 85 Anderson and Rosenthal 86 conclude that despite 40 clinical trials and 9 systematic reviews investigating the efficacy of acupuncture for improving IVF outcomes: In addition to the need for acupuncture protocols to be reviewed and adjusted in response to changing protocols for ET, there are many confounding aspects of these studies that need to be examined, such as the effects of the use of placebo or sham acupuncture, the practice of using minimally trained acupuncturists, and outcome measures that do not include live births. Drawing on experience-based practice and three decades of research, Shi et al 87 questioned the value of the Moy et al study on several grounds, including the authors' failure to document the proficiency of the acupuncturists, their inattention to the multiple causes of infertility displaying uniquely in each participant, and the lack of an appropriate "dose" of acupuncture. While identifying the flaws in the trial design of the included studies (and suggesting that these are general difficulties encountered in evaluating the efficacy of acupuncture in subfertility), another less rigorous SR concluded that the pregnancy rate of IVF treatment is significantly increased when acupuncture is administered on the day of ET. 88 Another review, 89 while not a systematic appraisal, offers a discussion of how Chinese medicine and, particularly, acupuncture is helpful to infertility. The SRs found sufficient homogeneity between the studies to be able to include them in a review.
The research studies make clear that, despite the consistency across studies, there was also much diversity. The actual acupuncture treatment protocols used varied across studies. Moreover, the person administering the acupuncture was not always trained in acupuncture. Another factor in the studies was that the timing and, therefore, the location of the treatment appears to have impacted on outcomes. Off-site acupuncture treatments, for example (as reported by Craig et al 90 ) failed to show any benefit for the women treated (this was not the case, however, in Johnson's 91 audit of the cases of women treated off-site). In addition, women receiving intracytoplasmic sperm injection and acupuncture, along with agents for ovarian stimulation, produced more follicles than women who did not receive acupuncture. 92 There has been additional positive support for acupuncture in conjunction with ET from a retrospective case audit. 93 The issue of whether the acupuncture protocols used in these studies reflect good clinical practice is important. If acupuncture is to be included as an adjunct therapy for IVF or other infertility patients, then the study results need to be able to be replicated in practice and adopted by acupuncturists outside IVF clinics. The results of the research studies provide significant support, but not statistically significant results, for acupuncture performed on the day of ET. Beyond this evidence, the dosage or number of acupuncture treatments was very low in these trials. TCM diagnoses were mostly not employed to guide treatment (although Smith 94 used it to guide the first treatment and So 84 recorded the diagnosis for comparative purposes), which potentially creates a fixed protocol bias and reduces the likelihood that the treatment will be appropriate and effective for individual subjects. 95 Despite some recent evidence that CAM use (although acupuncture as a CAM modality was not distinguished from other interventions) may have a negative impact on ART outcomes, 96 this has been contradicted by a more recent SR, 97 which states that there is preliminary evidence to suggest that some of these CAM modalities may be effective adjuncts in fertility treatments. The suggestion is made that the clinical trials reviewed have not been of a sufficient scale to provide unequivocal evidence for or against acupuncture use during IVF, by showing that acupuncture may increase pregnancy rates and live births. Other criticisms of the SRs themselves include that the findings and conclusions between systematic reviews:
[...] differ on the effect of acupuncture and live birth rates, due to variation in their inclusion criteria, the inclusion of new trials in subsequent meta-analyses, and variations in the quality of the acupuncture intervention which may have contributed to clinical heterogeneity. 98 Acupuncture in research has been focused on improving the outcomes of fertility treatments, most notably in IVF cycles, especially at the point of ET. It has been hypothesized on the basis of a small study that acupuncture has a beneficial effect at the time of ET because it is a time of great stress for women, which may cause uterine vasoconstriction; moreover, acupuncture can significantly modify these stress levels. 99, 100 In support of this view, Domar et al 81 found that acupuncture led to reduced anxiety, as well as increased relaxation and optimism, although So et al 83 found no differences in anxiety levels between the women receiving acupuncture or placebo.
Outside the context of IVF clinics, there has been research that supports the role of acupuncture in promoting women's reproductive health. As reviewed earlier, findings on the physiological mechanisms of acupuncture offer some guidance in understanding the possible contribution that acupuncture makes to menstrual health. A currently unpublished pilot study by the authors found that using a specialist acupuncture protocol 101 and applying clinical trial research methodology to acupuncture for natural fertility in women was both feasible and useful for the women receiving the acupuncture intervention. Other research reports of Chinese medicine's supportive contribution to fertility largely consist of case reports.
Clinical case reports support the value of acupuncture in the lead up to conception, although no clinical trial has been reported to date that either supports or contradicts this casebased evidence. 39, 91, 92, 102 Acupuncture has a long history in the treatment of fertility problems, and there is apparently much consistency in the actual points chosen. 72.101 Chinese medicine texts and case history books, for example, frequently cite the use of acupuncture to induce ovulation. A study by Qiong using acupuncture in women with endometriosis-induced infertility, reported in a recent publication on infertility, 103 indicated significant effectiveness. In the same publication, there is a report of a study undertaken by Ding 104 regarding tubal infertility that was effectively treated by acupuncture.
Summary of research
Further clinical trials are required to establish how the experimental results discussed in the previous sections unfold in a clinical context. Theoretically, from a Chinese medicine perspective, an acupuncture approach should prove effective for women with reproductive health problems, whether they are enrolled in an IVF program or not. Acupuncture, even a standardized acupuncture protocol such as the Paulus et al 105 protocol, performed before and after an IVF biomedical procedure, represents a complex intervention. A Chinese medical understanding (as opposed to a physiological or a biomedical one) of an adequate acupuncture intervention would require at least the differentiation of patterns of symptoms, individualization of treatments, perhaps an assessment of qi circulation, and/or more extended treatment times, in addition to paying attention to the timing of a surgical procedure. Standardization might reduce the effect of acupuncture in individual patients. 106 Little research is available that applies a more traditionally acceptable acupuncture protocol to facilitate fertility.
Both the experimental and clinical research studies have yielded interesting but inconclusive findings. The effects of acupuncture are apparently multimodal using physiological, endocrine, and neurological pathways to precipitate changes in the body, including to women's reproductive functioning. Similarly, clinical trials offer promising evidence of reproductive outcomes initiated by a variety of acupuncture interventions. Clinical research into acupuncture efficacy has been heavily criticized for methodological flaws and bias. Most SRs find a large proportion of studies that fail to meet inclusion criteria on the basis of their methodology. The evidence within this biomedical framework is certainly not conclusive, and this has led some researchers to reapply their efforts to explaining the physiology of women's responses to acupuncture more precisely, while others have been focused on better constructing clinical trials that identify whether clinically significant changes are occurring in women's reproductive health using an acupuncture intervention.
Conclusion
We have preliminary data indicating that acupuncture may improve menstrual health and coping among women experiencing delays in becoming pregnant. There are experimental data indicating that acupuncture can influence female reproductive functioning, although the actual mechanisms involved are not yet clarified. Acupuncture is a complex intervention yet the evaluation of acupuncture research designs and outcome measures expect a level of commensurability difficult to achieve in complex interventions. A focus on effectiveness rather than efficacy may be a solution. Further research that is informed by the experience in the rich traditions of acupuncture practice and the rigorous methods of evidence-based research is needed.
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